The observation that 6-mercaptopurine (MP) exerts a major toxic effect after conversion to thioinosinate resulted in the examination of MPresistant cells for the occurrence of this "lethal synthesis" in a variety of systems (6) . Previous studies indicated that MP-resistant Lactobacillus casei could not metabolize hypoxanthine (12) and that an MP-resistant mutant of Streptococcus faecalis (2) was unable to utilize exogenous guanine or hypoxanthine. MP-resistant L cells utilized inosine monophosphate (IMP) even though they did not incorporate hypoxanthine or guanine into nucleic acid (22) . Similar Pa. phate (I-G) pyrophosphorylase activity, thereby preventing the synthesis of 6-mercaptopurine ribonucleotide (MPRP) from MP (15, 20; Brockman and Stutts, Federation Proc. 19: 313, 1960 ).
Zimmerman and Magasanik investigated the utilization and interconversion of purine bases and ribonucleosides by MP-sensitive and -resistant strains of Salmonella typhimurium (24) . Comparative studies indicated that resistant cells incorporate less guanine and hypoxanthine into nucleic acid than do sensitive cells. Enzymatic analyses by these workers failed to confirm an earlier observation of Kalle and Gots (15) that the MPresistant mutant (mpr-2) is deficient in I-G pyrophosphorylase. This discrepancy was interpreted as a malfunction in I-G pyrophosphorylase activity resulting in MP resistance.
Studies with Escherichia coli showed that resistance to MP occurs via metabolic adaptation rather than mutation (Coggin, Loosemore, and Martin, Bacteriol. Proc., p. 80, 1965 Samples were withdrawn at intervals. A 1-ml sample was delivered into 1.0 ml of 10% trichloroacetic acid and incubated at 25 C for 30 min, and a second 1.0-ml sample was added to 5.0 ml of saline. Whole cells suspended in saline and acid-precipitable material were collected on 0.45-M membrane filters (Millipore Filter Corp., Bedford, Mass.) and were washed with 5.0-ml amounts of saline or 5% trichloroacetic acid, respectively. Filters were dried in vacuo over desiccant for 18 hr and were assayed for radioactivity. The dried filters were fixed to metal planchets and assayed with a windowless, gas-flow, Geiger-Muller counter. The assay of radioactivity for the distribution of labeled MP or other purines into nucleic acids was determined with a Packard TriCarb scintillation counter. Fractions for assay by scintillation were mixed with 9 ml of Bray's solution (4) , and all counts were corrected for absolute counting efficiency and solvent quenching (1) .
I-G pyrophosphorylase. I-G pyrophosphorylase was prepared according to procedures described by Carter (11) . The Sonifier at maximal output for 1 min, followed by rapid freezing in an acetone-Dry Ice bath. The frozen preparation was thawed slowly to 10 C, and exposed to sonic oscillation again. This cycle was repeated several times, followed by centrifugation at 27,000 X g for 30 min at 4 C to remove unbroken cells and cell debris. The crude enzyme preparation was dialyzed against three changes of 0.05 M phosphate buffer (pH 7.2) for 3 hr at 5 C.
Assay of I-G pyrophosphorylase and dethiolase activity. The spectrophotometric assays for the conversion of MP to MPRP or guanine to guanosine monophosphate (GMP) were described by Carter (11) , and depend upon the difference between the ultraviolet-absorption spectra at pH 7.0 of the purine bases and their nucleotides at 320 and 255 mMu, respectively.
The disappearance of MP or MPRP and the simultaneous appearance of IMP could be measured at 320 and 255 mu, respectively, at pH 7.0. The hyperchromic shift between hypoxanthine and IMP is too small to give reliable results, and this difficulty was resolved by the use of xanthine oxidase (14) to measure the level of hypoxanthine remaining in the reaction mixture. The synthesis of IMP, GMP, and MPRP from purine bases was confirmed by use of one-dimensional paper (Whatman no. 3 mm) chromatography with two solvent systems: (i) isoamyl alcohol-5% Na2HPO4 Washed cells were resuspended in 25 ml of saline-EDTA. Perchlorate was added to a final concentration of 1 M, and the solution was deproteinized by shaking with an equal volume of chloroform-isoamyl alcohol (24:1, v/v) in a glass-stoppered flask for 30 min. The emulsion was separated by centrifugation for 5 min at 3,000 X g, and the upper aqueous layer containing the nucleic acid fraction was carefully removed (19) . This fraction was further acidified with 0.6 ml of 6 N HCI, and then 0.5 N perchlorate was added at 4 C to precipitate DNA. The supernatant fluid contained the RNA, and the DNA was removed after centrifugation at 10,000 X g. RNA and DNA fractions were hydrolyzed with 70% perchlorate (0.1 ml per 5 mg of nucleic acid) at 100 C for 60 min. The hydrolysate was diluted to 0.5 ml with distilled water, perchlorate was precipitated with 0.1 ml of 11.7 M KOH, and the supernatant fluid was collected after centrifugation. The hydrolysates were absorbed on a Norit-Celite (1:1, w/w) column. Purine and pyrimidine bases were eluted from the column with an aqueous solution of 50% ethyl alcohol and 10% NH4OH, evaporated to dryness, and redissolved in 1 mm HCl.
Purine (Fig. 4) a Labeled guanine (1.35 ,umoles containing 30 ue of radioactivity) was added early in the log phase of growth, and cells were harvested after 1 hr of incubation at 37 C. Ec/MP cells were cultured in the presence of 500,ug/ml of MP. (Fig. 4) . (Fig. 5A and C) . added and the change in optical density at 250 m,u was followed. The complete conversion of hypoxanthine to IMP was indicated when no change in optical density was observed. IMP formation was confirmed by paper chromatography. Controls (X) contained no PRPP, preventing the formation of IMP.
When both guanine and MP were present in the reaction mixture (Fig. 6) , pyrophosphorylase from Ec/MP or Ec/O cells preferentially catalyzed the conversion of MP to MPRP. A slight increase in GMP synthesis was observed for 15 min, but a significant increase occurred only after the formation of MPRP was complete. This is shown by comparing the cessation of MPRP synthesis measured at 320 mu with the release of GMP formation after 15 min, measured at 255 m,u. These data agree with the findings of Carter (11) 6 . Synthesis of GMP from guanine in the presence of MP (0) measured at 255 m,u. The reaction mixture was the same as described in Fig. 3 with the exception that 0.03 ml of MP (I ,umole/ml) was substituted for phosphate buffer. The control (X) shows GMP formation in the absence of MP. The simultaneous conversion of MP to MPRP measured at 320 m,u is shown in the upperfigure.
but the preparation derived from Ec/MP required only one-fifteenth as much enzyme protein as that obtained from Ec/0 cells. These data suggest that Ec/MP cells had a greatly enhanced catabolic activity on MPRP. Chromatographic analysis confirmed the absence of detectable MP in the reaction mixture after 30 min and the rapid appearance of IMP after 12 min. The decrease in optical density at 320 m,u after 20 min was indicative of the conversion of MPRP to IMP.
IMP was formed from MP-ribonucleoside by use of dethiolase-containing cell extracts obtained from either culture (Fig. 9) . These data suggest that the substrate for the dethiolating enzyme(s) was not the free base, MP. Further purification of the enzyme catalyzing this desulfurization will be necessary before it can be determined whether the ribonucleoside or ribonucleotide form of MP is the true substrate. DISCUSSION Brockman (6) reviewed mechanisms of MPresistance and concluded that cellular resistance to this inhibitor frequently involves the inability of cells to convert the analogue to the toxic nucleotide MPRP. Such a mechanism was suggested to involve a mutation resulting in a loss of the I-G pyrophosphorylase or to result from mass selection of pyrophosphorylaseless strains. In a few studies, these biochemical changes have conclusively been shown to be heritable traits (18) . The data presented in this communication (10) demonstrated that, in resting cells of Bacillus subtilis, MP serves as a substrate for xanthine oxidase, which coverts the drug to thiouric acid. In growing cells, C14 from MP appeared in normal purines, and radioactive sulfur was removed from the purine ring by an uncharacterized enzymatic dethiolation. These workers postulated that MP might be converted to purine-6-sulfinic acid and subsequently split to yield sulfite and hypoxanthine. In undialyzed extracts from E. coli used in this study, the formation of IMP from MPRP was somewhat reduced from that obtained with dialyzed preparations, and there was a low-level degradation of MP to hypoxanthine. Carter (11) Guanosine and inosine-5'-phosphate pyrophosphorylase are considered to reside in the same enzyme (13) . It would appear that MP has some unusual role in causing or altering the synthesis of pyrophosphorylase with specificity distinct from that occurring in Ec/O cells. This assertion is based on the observation that Ec/MP cells, growing in the presence of MP, contain an enzyme with specificity different from that of enzyme formed in the absence of MP. The enzyme was unable to convert hypoxanthine to IMP, apparently lacking inosine pyrophosphorylase activity, but this activity was found to be present in enzyme from Ec/MP cells cultured for 18 hr in the absence of MP (Fig. 5) (18, 23) . The enzymatic data presented here indicate that both activities may not reside in the same protein unit. The conversion of MP to MPRP may be mediated by guanosine pyrophosphorylase alone, as suggested by the observation that MP is preferentially converted to MPRP by the resistant-cell preparations (Fig. 6 ). These enzyme preparations were not found to contain inosine-5'-phosphate pyrophosphorylase activity. The obvious alternative explanation for our data could be that I-G pyrophosphorylase is composed of two distinct enzymes and that MP suppresses, in some manner, inosine-5'-phosphate pyrophosphorylase synthesis. Tomisek (21) reported the inhibition of inosine-5'-phosphorylase by MP.
The appearance of the 8-carbon of MP in adenine and guanine of the RNA and DNA fractions of sensitive and resistant E. coli is conclusive evidence of sulfur cleavage from MP.
The ability of both Ec/O and Ec/MP cells to utilize exogenous guanine in nucleic acid synthesis confirms the enzymatic evidence for normal guanosine-5'-phosphate pyrophosphorylase activity. Enzymatic studies reported here showed that GMP-synthesis is inhibited in the presence of MP. Balis et al. (3) observed that an MP-resistant mutant of Streptococcus faecalis, incorporated 8-C'4 from MP into RNA and DNA as both adenine and guanine. Another mutant incorporated C04-labeled MP into nucleic acid when xanthine was present.
The incorporation of undegraded MP-S35 into nucleic acid was not observed in S. faecalis (9) , mammalian cell line L 1210 (7) , or P388 leukemic cells (8) , and our chromatographic analyses did not indicate the presence of intact MP in the nucleic acids of E. coli.
Contrary to the proposed mechanism of MPresistance in many other systems involving mutation, failure to convert MP to MPRP is not the basis for MP resistance reported here. This nucleotide is the essential intermediate formed in the synthesis of the pivotal purine intermediate IMP, as proposed in Fig. 10 
